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ESTIMATING THE IMPACT OF MIGRATION
AND REMITTANCES ON AGRICULTURAL
TECHNOLOGY
Michael A. Quinn
Bentley College, USA
ABSTRACT
The rapid growth of international migration and remittances has led to a wealth of research
examining these trends. One of these lines of research attempts to determine the relationship
between migration, remittances and the adoption of “Green Revolution” high yield variety (HYV)
seeds. This literature proposes that migration and remittances may increase HYV use by reducing
household risk and credit constraints. Given the large scale of both migration and remittances,
getting an accurate measurement of these impacts is crucial to designing and implementing policies
in rural areas. This paper examines the relationship between migration, remittances and
agricultural technology. The credit and risk hypotheses are tested using data from the Mexican
Migration Project. The main focus of the paper is examining the issue of endogeneity with respect
to migration and remittances. When the probit approach is tested, evidence of endogeneity bias
with respect to migration and remittances is found. The risk and credit hypotheses are then tested
with two-stage and three-stage analyses, in order to address the problem of endogeneity. The
results are found to be significantly different when methodologies are employed to deal with
endogeneity; suggesting this is an issue that needs to be addressed. Overall, the results find some
evidence to support both the credit and risk hypotheses; although the results for the risk hypothesis
are more mixed.

JEL Classifications: O13, O15
Keywords: Migration, Remittances, Agriculture, Investment, Credit, Risk
Corresponding Author’s Email Address: mquinn@bentley.edu

INTRODUCTION AND BACKGROUND
The adoption of high-yield variety (HYV) seeds has been shown to increase agricultural
production in many areas and to reduce rural poverty (World Bank 2005, DeJanvry and
Sadoulet 2002). Rural areas in developing countries have also experienced widespread
migration and remittances, especially in the case of Mexico. The number of Mexican
born persons in the U.S. rose from 4.3 to 9.2 million from 1990 to 2000 (Borjas and Katz,
2006; U.S. Census Bureau, 2003). Remittances sent from Mexican workers in the U.S.
are estimated at over $14 billion (Quinn 2005). In fact, remittances have become one of
the largest sources of foreign exchange for Mexico. These remittances have affected
many aspects of households’ decisions in Mexico. Remittances have been used not only
for consumption, but also for investments in household businesses and agriculture
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(Massey and Parrado, 1994; Durand et al, 1996). One of the branches of the
migration/remittances literature examines their impact on agricultural investments.
The two main ideas underlying the research into migration/remittances and
agricultural investments are the risk and credit hypotheses. To begin with, it should also
be noted that the risk and credit hypotheses exist outside of the issues of migration and
remittances; there are domestic factors that impact risk and credit constraints. This paper
focuses on those issues related to migration and remittances.1
The credit and risk hypotheses deal with household investments in agricultural
and other business activities. The empirical application of these hypotheses in this paper
is to the issue of investments in new agricultural technologies; however, the issue of
endogeneity discussed in this paper would likely also arise in applications of the risk and
credit hypotheses to other household business investment decisions.
The risk hypothesis holds that one of the purposes of migration is to insure the
household against the risk of agricultural failure. If the household adopts a new
technology and the crop fails, then the migrants can send increased remittances to the
household to compensate for agricultural losses. Thus, the presence of migrants from a
household can increase usage of HYV seeds even if remittances are not observed from
the migrants (as remittances would only be observed in the case of crop failure). Also,
households with more migrants will, ceteris paribus, receive more remittances.
Therefore, remittances should not be viewed as exogenous. Rather, expected remittances
are a function of the probability of HYV crop failure and the number of migrants. Some
of the work on this hypothesis are Lucas and Stark (1985), and Taylor and Wyatt (1996).
Essentially, migration offers a positive gain in income in the case of new seeds
failure if the increased remittances from the migrant are enough to compensate for the
cost of migration and the lost value of the marginal product of labor with respect to
household agricultural production. In the case of labor surplus, this condition is
unambiguously true. Even without labor surplus we might consider that in the case of
crop failure, the marginal product of labor with respect to agricultural output will be low
(as total output will be very low). Therefore, it is reasonable to assume that this condition
will hold for the case of crop failure. If a risk-averse household places a higher weight on
possible losses and considers migration as a strategy to mitigate this risk then the risk
hypothesis will predict that the number of migrants will be positively related to the
probability of adopting new seeds.
The credit hypothesis holds that remittances are the crucial factor as they
provide the necessary funding to the credit-constrained household to purchase the new
technology (Taylor and Yunez-Naude 1999, Taylor 1987, Taylor and Martin 2001).
Some of the major papers testing this hypothesis include Taylor and Wyatt (1996), Lucas
and Stark (1985) and Bellon and Taylor (1993). The credit hypothesis proposes that
households require remittances in order to finance the adoption of new technology. The
household undertakes migration of some of its members with the expectation that
remittances will finance their agricultural investments. In this case, it must be that
agricultural income without migration is not sufficient to finance the new agricultural
investments. The household also lacks liquidity. The household is credit-constrained in
that it is unable to borrow against future harvests (or other collateral) to finance the
investments. Remittances from migration will be used to finance agricultural investments
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(or at least provide the liquidity necessary for other income to be used to finance
agricultural investments).
The credit constraint can also be relieved through domestic mechanisms (in
addition to remittances). Domestic initiatives to provide credit to farmers in Mexico
include the Financiera Rural and Alianza para el Campo programs (Yunez-Naude 2001).
These programs are meant to address the lack of financial depth in rural areas in Mexico
(Guigale, Lafourcade and Nguyen 2001). The importance of domestic credit with respect
to HYV decisions has been tested in papers such as Rashid, Sharma, and Zeller (2006)
and Lin (1991). These hypotheses lead to different predictions. The risk hypothesis
predicts that, ceteris paribus (including holding remittances constant), the number of
migrants will be positively related to the likelihood of adopting new seeds. The credit
hypothesis predicts that, ceteris paribus (including holding the number of migrants
constant), remittances will be positively related to the likelihood of adopting new seeds.
According to both the risk and credit hypotheses, households make a decision
about migration and agricultural technology as part of an overall household strategy.
Along these same lines, households could make decisions about migration and investing
in a new business as part of an overall strategy. Endogeneity can be problematic in the
risk and credit hypotheses literature if studies empirically model migration and
remittances as exogenous variables.2 This is inconsistent with the literature’s foundations
of the risk and credit hypotheses which hold the migration, remittances and agricultural
technology decisions to be part of an overall household strategy. This suggests that
modeling migration and remittances as exogenous variables may result in endogeneity
bias.
This paper empirically tests the risk and credit hypotheses with respect to
agricultural technology. The implications of these hypotheses are tested using three
approaches: a probit, a probit with two-stage least squares (2SLS) testing the risk and
credit hypotheses separately and then a three-stage least squares (3SLS) which tests both
hypotheses simultaneously. Empirical tests (Hausman-Wu) show that migration and
remittances are endogenous and cannot be empirically modeled with the probit.
Furthermore, evidence is found that migration and remittances are strongly related and
should be modeled together in an approach such as 3SLS, rather than a 2SLS.
The issue of endogeneity in this literature is not wholly unexpected as other
research has found that migration and remittances are endogenous with respect to total
household income (Rozelle, Taylor and deBrauw 1999; Taylor, Rozelle, and deBrauw
2003). In those papers, a 3SLS approach was used to solve the endogeneity problems
with respect to income. The next section discusses the data set and variables. After that,
the empirical methodologies and issues of endogeneity are explained. This is followed
by an examination of the results after which point the paper concludes with a discussion
of the implications for the literature and policy.
DATA AND VARIABLES
The data are taken from the 1987-1997 Mexican Migration Project (MMP 2006) which is
run jointly by the University of Guadalajara and Princeton University. 3 Each year the
MMP samples at least 200 households from 3-5 different (non-repeating) Mexican
communities. The data set is cross-sectional in that different communities are surveyed
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each year. Interviewers collect information about individuals who are present in the
household and about those individuals who are not present because of migration. This
cross-sectional data set is consistent with other cross-sectional data used in the literature
such as Lucas and Stark (1985), Lin (1991), Bellon and Taylor (1993), Mukhopadhyay
(1994), Taylor and Wyatt (1996), Arellanes and Lee (2003), and Weir and Knight (2004).
The data set is useful because it contains information on household business and
agricultural activities, migration and remittances. The data set also contains a number of
other household and community level variables. While this sample consists of 9,065
households, many of these households do not make decisions regarding agricultural
technology (MMP samples all types of metropolitan areas). Restricting the sample to
those who make agricultural decisions yields a sample of 2,047 households. This sample
falls to 1,787 households because of a lack of information about wages and agricultural
labor force participation in some communities.
The dependent variable of interest is whether or not household i utilizes
improved HYV seeds (Si) in its agricultural activities. This variable is a dichotomous
variable since the MMP does not collect data on the percentage of a household’s crops
that are planted with HYV seeds. This is consistent with other papers such as Arellanes
and Lee (2003) and Weir and Knight (2004) that use a similar dichotomous agricultural
technology variable. There are an additional two variables which will be both
explanatory and dependent variables in the analysis: the number of individuals from
household i who are currently migrants (Mi) and whether or not migrant remittances are
used to finance household i’s agricultural activities (Ri). Appendix B contains results
using the remittances received by the household rather than whether or not these
remittances were directly used to finance agricultural activities (this is intended to deal
with the fungibility of remittance income). The use of the number of migrants to test the
risk hypothesis and remittances to test the credit hypothesis, respectively, is consistent
with the literature.4
The other explanatory variables used in the paper consist of the vectors Xi, Zi
and Wi; where Zi and Wi are vectors of instrument variables. The variables in Xi are the
household level variables: age of household head, education level of household head, sex
of household head, hectares of land owned by the household, hectares of ejido land
cultivated by household, household assets and livestock, household use of fertilizers and
insecticides. The vector Xi also includes community level variables for whether irrigation
is available in the community, the percentage of adults in the community making twice
the minimum wage, the percentage of the male and female labor force in agriculture,
distance to the nearest highway, number of banks in the community and the percentage of
roads that are paved. Also contained in Xi are state level and year dummy variables.
From previous research, there are expected signs for the variables in Xi.
Hectares of land was found to have a positive impact on HYV adoption in Shields (1993),
Arellanes and Lee (2003), Lin (1991) and Weir and Knight (2004). Larger landowners
may have more resources to pay the costs of new technologies. Education of the
household head was found to be significantly positive in studies such as Bellon and
Taylor (1993), Mukhopedhyay (1994) and Weir and Knight (2004). It may be easier for
more highly educated individuals to use new technologies. Household assets and
livestock were significant in analyses such as Mukhopadhyay (1994) and Shields (1993).
Distance to output markets was found to be negatively related to agricultural technology
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choice by Weir and Knight (2004). Fertilizers and insecticides are complements to HYV
and have been found to be significant in studies such as Shields (1993) and Weir and
Knight (2004). Irrigation is also a complementary good and it was included by
Mukhopadhyay (1994) and Lamb (2003). Ejido (communal) land may be negative;
Arellanes and Lee (2003) found that private landowners in Honduras were more likely to
use new technologies. Yield increasing, labor intensive HYV seed adoption may also be
affected by the availability of labor; hence, the inclusion of wage and labor force
variables (Shields 1993, Mukhopedhyay 1994).
The state level dummy variables are employed to take account of the agroecological zone of the household. While it would be optimal to have more information
on the rainfall, elevation and soil composition of the household that is not available in
this data set. We know only the states in which the communities are located in the MMP
data, not the actual names or locations of the communities. Some examples of studies
where rainfall is available are Shields (1993) and Lamb (2003). Soil composition was
used in Bellon and Taylor (1993). The use of dummy variables to account for this is
consistent with research such as Mukhopadhyay’s (1994) use of regional dummies, Lin’s
(1991) use of county level dummies and Weir and Knight’s (2004) use of community
dummies.5 The vector Xi also includes national level variables for real GDP growth in
the U.S. and Mexico, taken from World Development Indicators (World Bank 2005).
Year dummies are also included to take account of time effects.
The Instrument Variables
There are two vectors of instrument variables, Zi for the migration equation, and Wi for
the remittances equation. The conditions for instrumental variables being valid are twofold: the variables must have explanatory power with regards to the variable they are
instrumenting (migration or remittances in this case) and they should not have
explanatory power with regards to the variable of interest in the analysis (HYV use in this
case). The results of these instrument tests (and the overidentification test) are discussed
in the results section. The variables in Zi are household migration contacts and the
percentage of adults from the community with migration experience. There are six
variables in Wi : dummies for whether or not previous remittances were used to purchase
a home, whether or not previous remittances used to purchases land, whether the migrant
returns to their home community’s for their patron saint’s day, whether the migrant
helped to fund their home community’s church, the number of migrants from the
household and the dependency ratio in the household. The dependency ratio is the
number of non-workers divided by the number of workers in the household. Descriptive
statistics of the key variables are in Table 1.

204
TABLE 1. DESCRIPTIVE STATISTICS OF KEY VARIABLES
Mean

Standard
Deviation

Adoption of new high-yield variety seeds (0/1)
# of household members currently migrants
Remittances used to finance agricultural investments (0/1)

0.30
1.20
0.17

0.45
1.96
0.38

VARIABLES IN X
Land
Ejido
Age
Education
Vehicle
House
Fertilizers
Insecticides

Total # of hectares owned by household
Number of hectares of ejido land cultivated by household
Age of household head
Years of education of household head
Dummy for ownership of a vehicle
Dummy for house ownership
Dummy for use of fertilizers
Dummy for use of insecticides

14.70
0.51
54.42
3.65
0.41
0.82
0.50
0.39

77.07
0.50
14.81
3.86
0.49
0.38
0.50
0.48

VARIABLES IN Z
Contacts
Migrperc

Number of contacts in the U.S.
% of adults in community with migration experience

14.56
0.29

20.30
0.14

0.18
0.08
2.17
0.80
0.23

0.38
0.27
1.84
0.39
0.41

Variable

Description

DEPENDENT VARIABLES
Seeds
Migrants
Remittances

VARIABLES IN W (in addition to migrants)
House- remit
Whether or not house was purchased with prior remittances
Land- remit
Whether or not land was purchased with prior remittances
Dependency Ratio
# of non-workers/ # of workers
Migrant return
Whether or not migrants return home for patron saint day
Migrant church
Whether migrants fund home community church

Notes:other variables included in X are ownership of livestock, year dummies, state level dummies, sex of household
head, number of banks in community, % of male and female workforce in agriculture, % of adults in community making
twice the minimum wage,irrigation in community, distance to the nearest highway, percentage of paved roads, real GDP
growth in the U.S. and Mexico.

EMPIRICAL METHODOLOGY
The predictions of the model are tested using three methodologies: probit, probit with
two-stage least squares, and three-stage least squares. Each of these methodologies will
be discussed, as will endogeneity. In each probit and two-stage least squares probit,
either migration or remittances is tested but not both variables. 6 The three-stage least
squares tests both migration and remittances.
The first approach used is a probit. A probit is a regression with a dichotomous
dependent variable, in this case whether or not the household uses HYV seeds. This is a
one-equation approach, with the assumption that all variables on the right hand side of
the equation are exogenous. If this assumption is violated then the resulting coefficient
estimates will be biased. Based on Greene (2002), the probit equations testing the impact
of migration and remittances are, respectively,

Pr(S i  0 | X i , M i )   ( X i  1 , M i  2 )

(1)
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and

Pr(S i  0 | X i , Ri )   ( X i  1 , Ri  2 )

(2)

The variable Si is the decision whether to adopt HYV seeds or not. The vector Xi
contains the variables described in the previous section for each household i and  is the
standard cumulative normal distribution. The number of migrants from the household
and remittance financing are Mi and Ri, respectively. One of the most important
assumptions of this probit is that the errors in the probit are uncorrelated with Xi, Mi and
Ri; in other words, it is assumed that the regressors are exogenous.
There is a straightforward test of the exogeneity assumption of the regressors.
The Hausman-Wu test for endogeneity (a lack of exogeneity) is a three-step procedure
(Davidson and MacKinnon 1993). The first step is identifying which regressor(s) are
suspected to be endogenous. Next, a regression is run with the suspected endogenous
variable as the dependent variable. The predicted residuals from this regression are
saved and used as an independent variable in the original equation. If the coefficient on
the residuals variable is significant, then the variable is endogenous. In this case, the two
suspect variables are migration and remittances. Each of these will be tested separately
with their predicted residuals included in the agricultural technology probit to test for
endogeneity.
If an explanatory variable is found to be endogenous (as migration and
remittances are found to be), then the results from a standard probit will be biased. A
probit with two-stage least squares is a remedy to this problem. The econometric
problem with the simple probit equations (Equations 1 and 2) in this case is that the
covariance of Mi and the errors is not equal to zero, Mi is endogenous (as is Ri). This will
bias the coefficient estimates. Two-stage least squares solves this problem by identifying
“instrument” variables that can be used to estimate the number of migrants (Mi) but are
not correlated with Si. Thus, an equation of the form

M i   0  X i 1  Z i  2  

(3a)

is estimated using OLS with robust standard errors. It is important that at least some of
the instrument variables Zi are not included in the Si probit and are not significantly
correlated with Si. As discussed earlier, it is important that variables Zi have explanatory
power with respect to Mi but that they have no impact on Si (if they were to be included
in this equation). These tests are discussed in the results section. The variables contained
in Zi are migration contacts and the percentage of adults in the community with migration


experience.

The predicted values of Mi, denoted as

M i , are calculated from the



estimates of Equation 3a. The

M i variable is then included in the Si probit instead of

Mi. So the second stage equation is


Si   0  X i 1  M i  2  

(3b)
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M i is not endogenous.

This probit is not biased as is Equation 1 because

Similarly, for the 2SLS with remittances, the following equations are estimated

Ri   0  X i 1  Wi 2  

(4a)



Si   0  X i1  Ri  2  

(4b)

The variables contained in Wi are dummies for whether or not previous remittances were
used to purchase a home, whether or not previous remittances used to purchases land,
whether the migrant returns to their home community’s for their patron saint’s day,
whether the migrant helped to fund their home community’s church, the number of
migrants from the household and the dependency ratio in the household. In this case, the
first stage (Equation 4a) is also a probit, as remittances is a dichotomous variable. While
the two-stage least squares approach allows for the examination of the impact of
migration or remittances on agricultural technology use, it cannot study them together.
Migration and remittances are both endogenous with respect to HYV. Therefore, neither
variable can be included as an exogenous variable in the HYV equation. In order to
include both migration and remittances in the same analysis, a three-stage least squares
(3SLS) approach must be utilized.
In the three-stage least squares approach, we robustly estimate the OLS equation
for migrants and the probit for remittances separately, equations (3a) and (4a), as was


done in each of the two-stage least squares analyses. The predicted values

M i and



Ri are then included in the seeds equation. One important issue which the 3SLS takes
account of is the covariance between the errors in equations (5a) and (5b). The errors
(  ' ) in the final probit (S) are corrected for the covariance between equations (5a) and
(5b). The three stage least squares approach equations are

M i   0  X i 1  Z i  2  

(5a)

Ri   0  X i 1  Wi 2  

(5b)





Si   0  X i1  Ri  2  M i  3   '

(5c)

RESULTS
The results from the probit, 2SLS, and 3SLS are all discussed along with the HausmanWu endogeneity test. Results from migration and remittances are shown in Tables 2 and
3, respectively. The 3SLS results are included in both Tables 2 and 3, for ease of
comparison with the other methods. The results are run with robust standard errors. For
the sake of brevity, state and year dummies and insignificant control variables are
included in the regressions but not shown in the tables. There are significant differences
in the results across the three approaches. This is consistent with the results from the
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Hausman-Wu test that show both migration and remittances to be endogenous. There are
also significant differences between the 2SLS and 3SLS approach, suggesting that the
covariance between migration and remittances makes them better suited to being tested
together rather than separately.
The probits are shown in the first columns of Tables 2 and 3. These probits
yield positive coefficients for both remittances and migrants but only remittances is
significant. The banks variable is significant and positive in both probits. The use of
fertilizers and insecticides are also positive and significant as expected, as is education.
Distance to output markets (represented by kilometers to a paved road) is negative and
significant as expected.
TABLE 2. IMPACT OF MIGRATION ON HYV SEEDS ADOPTION
Dep Var = HYV
Probit

Dep Var = HYV
2SLS-2nd stage

Dep Var = HYV
3SLS-3rd stage

0.056
(0.045)

.537**
(0.278)

0.149**
(0.065)

-

-

0.068
(0.119)

Banks

.025**
(0.011)

.022**
(0.008)

0.006*
(0.003)

Land

0.000
(0.001)

0.001
(0.001)

0.0002
(0.002)

Education

.027**
(0.011)

0.036***
(0.011)

.010***
(0.003)

Fertilizers

.860***
(0.124)

.801***
(0.132)

0.198***
(0.029)

Insecticides

.918***
(0.108)

.865***
(0.127)

.286***
(0.029)

Distance to paved road

-.015*
(0.009)

-.016**
(0.008)

-.007***
(0.002)

Irrigation

0.036
(0.300)

-.291
(0.229)

-.105
(0.065)

Ejido

0.054
(0.101)

0.001
(0.102)

-0.0005
(0.025)

0.299***
(0.086)

0.133
(0.137)

.021
(0.025)

1786
497
0.34

1786
598.78
N/A

1786
1002.47
N/A

Number of Migrants
Remittances

Own vehicle
Number of Observations
Chi-Squared
R-Squared

Notes: The equations include all variables in vector X as specified in the text, not all variables
shown in table. Coefficients are shown with standard errors in parentheses. *,**, and *** denote
significance at the 10, 5, and 1% levels, respectively. R 2 is not applicable in a 2SLS or 3SLS.

208
However, the results from the Hausman-Wu test support the use of a 2SLS
approach over a simple probit. The null hypothesis of exogeneity of migration and
remittances in the seeds probits can be rejected with confidence at the 95% and 99%
confidence levels, respectively. The t-statistic on the residuals variable in the cases of
migration and remittances are 2.00 and 3.11, respectively. Given this endogeneity, it is
not surprising that the results from the 2SLS approach are significantly different from the
probit. The 2SLS results are in the second column of Tables 2 and 3.
In the 2SLS analysis, both remittances and migrants are positive but, this time, migrants
is more significant than remittances. The coefficient on migrants is significant at the
95% confidence level, while the coefficient on remittances is significant at the 94% level.
The results from the 2SLS lend more support to the risk hypothesis. There is support for
the importance of domestic credit as banks is significant and positive in both 2SLS
analysis (10% level in the 2SLS with remittances). Some of the other results are similar
to the probits including fertilizers, insecticides, education, and the distance to a paved
road.
Testing The Instruments
The instruments in the 2SLS are tested for validity. The first condition is that the vectors
Wi and Zi significantly affect Ri and Mi, respectively. The test of joint significance of the
instruments in the migration and remittance equations yields chi-squared statistics of
47.72 and 85.42, respectively. This indicates that the null hypothesis that the true value
of the instruments is zero can be rejected at the 99.99% level of significance (p-values =
.000). Thus, the instruments pass the first condition. The second condition is that the
instruments do not affect Si directly. In order to test this, the Si equation is run with Wi
and Zi included as explanatory variables. When tested for joint significance, the variable
vectors Wi and Zi result in chi-squared statistics of .98 and 8.88, respectively. These
result in p-values of .61 and .11 which means that the instruments pass the second test.
The instruments also pass the Hansen J statistic overidentification test.
Three-Stage Least Squares (3SLS)
While the results from the 2SLS are interesting, the interrelationship between migration,
remittance and agricultural technology suggests that perhaps they should be modeled
together. A test is run to check for the applicability of a 3SLS versus 2SLS approach.
The residuals from probits corresponding to equations 5a (migrants) and 5b (remittances)
are saved. There is a .92 correlation between these residuals. Also, as further evidence
for a 3SLS approach, the number of migrants is a significant (t-stat of 8.20) indicator of
remittances.
The 3SLS produces results more consistent with the risk than the credit
hypothesis. The coefficient on remittances is insignificant, although the coefficient on
banks is significant (94% level) and positive. The coefficient on the number of migrants
is positive and significant. It is interesting to note, however, that the measure of
remittances makes some difference on this point. The 3SLS results using quantity of
remittances (in Table 4), finds remittances to have a positive and significant coefficient.
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As in the probit and 2SLS, education and insecticide and fertilizer use are all significant
and positive. Distance to paved roads is negative and significant.

TABLE 3. IMPACT OF REMITTANCES ON HYV SEEDS ADOPTION
Dep Var = HYV
Probit

Dep Var = HYV
2SLS-2nd stage

Dep Var = HYV
3SLS-3rd stage

-

-

0.149**
(0.065)

Remittances

.244**
(0.106)

0.53*
(0.292)

0.068
(0.119)

Banks

.023**
(0.011)

.021*
(0.012)

0.006*
(0.003)

Land

0.001
(0.001)

0.0003
(0.001)

0.0002
(0.002)

Education

.028***
(0.010)

.027***
(0.011)

.010***
(0.003)

Fertilizers

.849***
(0.124)

.773***
(0.128)

0.198***
(0.029)

Insecticides

.904***
(0.107)

.889***
(0.111)

.286***
(0.029)

Distance to paved road

-.019**
(0.008)

-.019**
(0.009)

-.007***
(0.002)

Irrigation

-0.002
(0.297)

-0.090
(0.294)

-.105
(0.065)

Ejido

0.058
(0.101)

0.023
(0.102)

-0.0005
(0.025)

Own vehicle

.284***
(0.086)

.230**
(0.094)

.021
(0.025)

1786
490.66
0.34

1786
481.08
N/A

1786
1002.47
N/A

Number of Migrants

Number of Observations
Chi-Squared
R-Squared

Notes: The equations include all variables in vector X as specified in the text, not all variables
shown in table. Coefficients are shown with standard errors in parentheses. *,**, and *** denote
significance at the 10, 5, and 1% levels, respectively. R 2 is not applicable in a 2SLS or 3SLS.

Probit results support the credit (and not the risk) hypothesis. When the 2SLS
approach is employed, these results support both the credit and risk hypotheses. Finally,
the 3SLS approach results vary based on the measure of remittances used. With the
remittance variable (remittances used to finance cultivation) used in Table 3, there is
support for the risk hypothesis but not the credit hypothesis. However, when the quantity
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of remittances is used as a variable (Table 4), there is strong support for the credit
hypothesis (remittances positive and significant) but the migrants variable is, in this case,
actually negative (going against the risk hypothesis). The results vary based on the
econometric approach and the measure of remittances used. However, one might
conclude that the overall results are somewhat more in favor of the credit hypothesis
(remittances, banks) than the risk hypothesis (migrants).
CONCLUSION
The paper’s results show the importance of taking into account issues of endogeneity and
covariance among regressors in studies of the risk and credit hypotheses. The results
differ significantly between the probit, 2SLS and 3SLS approaches. Evidence is found
for endogeneity of migration and remittances with respect to agricultural technology
decisions. Also, the covariance between the errors in the migration and remittance
probits may lead to potential problems concerning a 2SLS approach. This suggests the
applicability of a 3SLS approach to address these econometric problems. The results
from the 3SLS vary based on the measure of remittances used. Generally, the paper’s
results support the credit hypothesis but there is also (mixed) evidence in favor of the risk
hypotheses.
Other than focusing on methodological issues with the literature, this paper also
has policy implications. Policy makers interested in increasing agricultural technology
adoption need to address the shallow credit markets in rural areas. In Mexico, this has
been the focus of the Finaciera Rural and the Alianza para el Campo programs. When
designing these programs and determining how to allocate funds, it is crucial to have
accurate measures of the impact of migration and remittances on these communities.
Since endogeneity can change the magnitudes (or even the signs) of these impacts,
dealing with endogeneity is important to informing policy decisions. Certainly migration
can have a positive impact on agricultural investments but only if sufficient remittances
are received. This stresses the importance of reducing the cost and increasing the safety
of remittances.

ENDNOTES

1

Control variables are included in the empirical analysis to take account of some domestic
constraint factors.
2
Some examples of this kind of exogenous assumptions in the risk and credit literature are Lucas
(1985), Lucas and Stark (1987) and Bellon and Taylor (1993).
3
While the MMP continued to collect data after 1997, the relevant questions about agricultural
technologies were not asked after that year.
4
For examples of this, readers are directed to Lucas and Stark (1985) and Taylor and Wyatt (1996).
5
The main results of this paper are robust to the use of community dummies. However, by
employing community dummies one loses the use of community level variables.
6
Neither migration nor remittances are exogenous with respect to HYV choice. Also, migration is
a significant predictor of remittances. Therefore, a three-equation system must be utilized to test
both variables simultaneously.
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APPENDIX A – SIMPLE THEORETICAL MODEL
For those interested readers, a simple theoretical model is presented in this appendix. The
household’s decision to adopt new agricultural technology is modeled incorporating migration and
remittances. The main variable of interest in this model is whether or not the household uses new
HYV technology seeds. The traditional technology is denoted as S and the new technology as S’.
Agricultural production depends on the type of seeds (S), labor employed in agriculture (La), capital
and other agricultural inputs (K), and land. Land and capital are assumed to be fixed.
New HYV seeds hold the potential for higher output than traditional seeds. However,
HYV seeds also have the possibility of failure, separate from the reasons that any crop would fail.
Farmers used to using traditional seeds may not be familiar with the new seeds and their specific
requirements (fertilizers, insecticides, water, etc). Let us assume that the new seeds result in higher
production (success) than traditional seeds with the probability (1-p) and with a lower production
(failure) with probability ( p). Agricultural production in the case of success and failure are
denoted by the functions As and Af, respectively. The financial cost to the farmer of purchasing
these seeds (and any necessary complimentary inputs that would not be necessary with traditional
seeds) is C.
If a farmer were risk-neutral then he would adopt the new seeds if

(1  p) A s ( S ' , K , La )  pA f ( S ' , K , La )  C  A( S , K , La )

(A1)

However, it is well documented that farmers are risk averse. Therefore, a risk averse farmer would
adopt the technology only if

(1  p) A s (S ' , K , La )  pA f (S ' , K , La )  C  A(S , K , La )  
where



(A2)

is a measure of risk aversion.

With Migration
Let us now assume that migration is a possibility for some members of the household. The
household has the decision of how many workers from the household to send to work in a different
geographic area. The number of migrants are denoted by M. The per-person cost of migration is d.
The amount of remittances sent home by the migrants is denoted as R. Therefore, one can write the
net remittances received by the household as the gross remittances minus the cost of migration,
r  R  d *M .
We will assume in this case that there is no labor surplus in agriculture. If there is a labor
surplus in agriculture then the household loses no agricultural production from migration and
would undertake migration as long as r  0 . While labor surplus is a reality in some
circumstances it can be considered a more specific case of this model and is discussed more indepth in Appendix D. With migration, production using traditional seeds can be written as

A( S , K , La  M ) .

The expected production using HYV with migration can be written as

(1  p) A ( S ' , K , La  M )  pA f ( S ' , K , La  M )
s

(A3)

Under the circumstances of traditional technology, the household would undertake
migration if

A( S , K , La  M )  r  A( S , K , La )

(A4)

If one was going to adopt the new technology then migration would be undertaken by the
household if
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(1  p) A s (S ' , K , La  M )  pA f (S ' , K , La  M )  r  C  (1  p) A s (S ' , K , La )  pA f (S ' , K , La )
(A5)
The Risk and Credit Hypotheses
The risk hypothesis holds that one of the purposes of migration is to insure the household against
the risk of agricultural failure. If the household adopts a new technology and the crop fails, then
the migrants can send increased remittances to the household to compensate for agricultural losses.
Also, households with more migrants will, ceteris paribus, receive more remittances. Therefore,
remittances should not be viewed as exogenous. Rather, expected remittances are a function of the
probability of HYV crop failure and the number of migrants. We can therefore define gross
remittances as R ( p , M ) . The risk hypothesis focuses on the potential losses the household may
suffer by adopting the new technology should it fail. In order to reduce this potential loss, the
household sends migrants abroad. These migrants will send remittances to the household in the
case of crop failure. Let us now contrast household income in the case of new seed failure in the
cases of migration and no migration. If the new seeds fail and there is no migration then household
income can be written as

A f ( S ' , K , La )  C

(A6)

If the household did undertake the migration of M members and the new seeds failed then
household income would be

A f (S ' , K , La  M )  C  d * M  R( p, M )

(A7)

The household’s gain to migration (G) in the case of new seeds failure can be written as

G  A f ( S ' , K , La  M )  A f ( S ' , K , La )  d * M  R( p, M )

(A8)

which can be rewritten as

G

A f (S ' , K , La  M )
 d * M  R( p, M )
M

(A9)

Furthermore, we may write remittances in the case of no migration as,
then rewrite the increase in remittances from migration as

R( p, M )
M

R( p,0)  0.

We may

where M going from 0 to

1 is the case of no migration to migration of one household member. In the case of the marginal
decision to send the next migrant, we can rewrite d*M as d. So, the gain to migration (G) in the
case of new seeds failure is positive as long as

R( p, M ) A f (S ' , K , La  M )

d
M
M

(A10)

Essentially, migration offers a positive gain in income in the case of new seeds failure if the
increased remittances from the migrant are enough to compensate for the cost of migration and the
lost value of the marginal product of labor with respect to household agricultural production. In the
case of labor surplus, this inequality is unambiguously true. Even without labor surplus we might
consider that in the case of crop failure, the marginal product of labor with respect to agricultural
output will be low (as total output will be very low). Therefore, it is reasonable to assume that this
inequality will hold for the case of crop failure. If the risk averse household places a higher weight
on possible losses and considers migration as a strategy to mitigate this risk then the model will
predict that the number of migrants (M) will be positively related to the probability of adopting new
seeds.
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The Credit Hypothesis
The credit hypothesis proposes that households require remittances in order to finance the adoption
of new technology. The household undertakes migration of some of its members with the
expectation that remittances will finance their agricultural investments. In this case, it must be that
agricultural income without migration is not sufficient to finance C. Expected income with
migration will be high enough to finance C. It therefore must be true that

R( p, M )  d * M 



 (1  p) As (S ' , K , La  M )  pA f (S ' , K , La  M )
M



(A11)

In other words, the household expects a net income gain from migration; this gain will be used to
pay for the adoption of the new seeds. This model leads to the following predictions:
H1.) Risk hypothesis: the number of migrants will be positively related to the likelihood of
adopting new seeds. H2.) Credit hypothesis: remittances will be positively related to the likelihood
of adopting new seeds.

APPENDIX B – RESULTS USING REMITTANCES PER PERSON
TABLE 4. IMPACT OF REMITTANCES PER PERSON ON HYV SEEDS ADOPTION
Dep Var = HYV
Probit

Dep Var = HYV
2SLS-2nd stage

Dep Var = HYV
3SLS-3rd stage

-

-

-.471**
(0.201)

-0.002
(0.053)

0.239
(1.408)

.844**
(0.375)

Banks

0.071***
(0.024)

0.089**
(0.041)

-0.005
(0.008)

Land

.003***
(0.001)

0.002
(0.008)

-0.004*
(0.002)

Education

.060***
(0.020)

.055*
(0.029)

-0.006
(0.011)

Fertilizers

.818***
(0.198)

.692**
(0.352)

.168***
(0.044)

Insecticides

.797***
(0.168)

.795**
(0.409)

.158**
(0.078)

Distance to paved road

-0.018
(0.012)

-0.019
(0.012)

-0.009**
(0.004)

0.399***
(0.124)

0.358
(0.209)

-0.233
(0.077)

772
255.61
0.34

772
180.50
N/A

772
304.20
N/A

Migrants
Remittances per Person

Own vehicle
Number of Observations
Chi-Squared
R-Squared

Notes: The equations include all variables in vector X as specified in the text, not all variables shown in table.
Coefficients are shown with standard errors in parentheses. *,**, and *** denote significance at the 10, 5,
and 1% levels, respectively. R2 is not applicable in a 2SLS or 3SLS analysis.
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APPENDIX C. FIRST STAGE RESULTS
TABLE 5. 1ST STAGE RESULTS FOR 2SLS ANALYSES
Dep Var = Migrants
2SLS - 1st Stage

Dep Var = Remittances
2SLS - 1st Stage

Banks

-0.008
(0.011)

0.004**
(0.002)

Land

-.0004**
(0.0002)

-.0004***
(0.0001)

Education

-.025***
(0.004)

-0.003
(0.002)

Fertilizers

-0.017
(0.047)

.079***
(0.021)

Insecticides

-0.049
(0.047)

.071***
(0.023)

Distance to paved road

0.002
(0.004)

.003*
(0.002)

Irrigation

0.303
(0.195)

.117***
(0.041)

Ejido

0.077
(0.054)

0.017
(0.020)

Own vehicle

.252***
(0.046)

.067***
(0.018)

Contacts

.005***
(0.001)

.004***
(0.001)

Migrperc

0.204
(0.425)

0.199
(0.381)

Migrants

-

.107***
(0.013)

House- remit

-

.226***
(0.031)

Land- remit

-

.108***
(0.040)

Dependency Ratio

-

.008*
(0.004)

Migrant Return

-

-.045
(0.034)

Migrant Church

-

-.026
(0.031)

1786
598.78

1786
481.08

Number of Observations
Chi-Squared

Notes: the equations include all variables in vector X as specified in the text. Coefficients are
shown with standard errors in parentheses. *,**, and *** denote significance at the 10, 5,
and 1% levels, respectively.
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APPENDIX D. THE CASE OF LABOR SURPLUS
It is possible that the household sends only migrants that are surplus labor in the household.
Surplus labor are those workers who have a marginal product of labor equal to zero (either through
open or disguised unemployment). If the motivation for migration were purely to deal with surplus
labor then the number of migrants could possibly be exogenous to the agricultural investment
decision. Remittances would still likely be endogenous, even in the case of surplus labor. While
the decision to send household members abroad might be the result of surplus labor conditions, the
decision concerning remittances might still be coordinated with family investment decisions.
In order to test for this possibility, a Hausman-Wu test was run to check for the
endogeneity of migrants. As discussed earlier in the paper, evidence was found to reject the
exogeneity of migrants. Therefore, the 2SLS and 3SLS analysis is necessary in this case.
However, this would not necessarily be true of all data sets.
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